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1.0 Summary

This design note presents a preliminary trajectory from

entry interface to TAEM (Terminal Area Energy Management) inter-

face for the ist Orbital Flight Test (OFT) based on information

in the Strawman (MFTAD) Master Flight Test Assignments Document

Reference A. The enclosed point-mass trajectory may

be utilized for preliminary purposes, meeting the requirements of

this document. The trajectory was derived utilizing the January

1975 ADC (Analytic Brag Control) Guidance, the latest TPS (Thermal

Protection Subsystem) model information from NASA ES and December

1974 Aerodynamics for a mid center-of-gravity location (66.25%%).

This development work was conducted under Contract Number

NAS 9-13970 Task Order 80105.

2.0 Introduction

The MFTAD provides several general requirements to be met in the

six mission Orbital Flight Test program of the Space Shuttle

system. Many detailed system and subsystem requirements are also

contained in the FTR (Flight Test Requirements) document

Reference B. In order to assure that the OFT test program can

adequately meet all of these requirements, and/or define a need

for change or addition, preliminary entry trajectories are being

developed. These trajectories are intended to be used for pre-

liminary system and subsystem analysis purposes and to provide

an overview of what will be experienced during the program.

This design note presents the pertinent parameters for the First

OFT mission. A brief outline of the procedures employed as well

as graphical and tabular displays of the output from the GEMASS

simulation are presented for the trajectory from Entry interface

to TAEM interface.

3.0 Discussion

In order to obtain a viable entry trajectory for a given mission,

realistic initial conditions are necessary for any simulations

which may be conducted. Such conditions are not identified at



this time and must be developed based upon the overall require-

ments of the mission. The requirements for this mission are

tabulated in Table I and were extracted directly from the MFTAD

(Reference A). The constraints utilized or resulting from this

trajectory development are also presented for comparison purposes.

In developing the initial conditions at entry interface it was

first necessary to obtain a realistic orbit. For this purpose,

reference was made to NASA General Working Paper No. 10,009

(Reference C). The 120 nautical mile orbit was selected and the

orbital insertion conditions were extracted for use as initial

conditions for a simulation of the orbital path in the GEMASS

program as run in an orbital mode. The output of this program

was then used for establishing the orbital ground path (Figure

1) which agreed almost precisely with the reference. This

orbital path, now . available to necessary accuracy, was used

for defining the cross range distance and providing the posi-

tion (latitude and longitude) and velocity vector direction

necessary for any point along the path from which an entry

simulation was desired. The insertion conditions utilized for

this development are presented in Table II.

In order to define the velocity vector magnitude and flight

path angle at entry interface an orbital retro program was

utilized employing several different values of impulse each of

which yielded different values of velocity, flight path angle,

and earth central angle traversed to the 401; :000 foot interface

altitude.

From these data, several sets of initial conditions were defined

as possible conditions for entry simulations. The initial condi-

tions used were then selected based upon the output from the 3

DOF (Degree-of-Freedom) GEMASS which yielded the results neces-

sary to best meet the MFTAD and FTR re quirements. Based ypon the

entry conditions selected. the orbit -retrofi re point was establisl

based upon the earth central angle traversed. These deorbit



conditions are also presented in Table II. The entry interface

initial conditions which were selected and used for this pre-

liminary analysis are included in Table II including target and

other pertinent data.

The pertinent data set utilized for these simulations were:

(1) The December 1974 Aero data as adjusted to a MID C.G. position

(2) The January ADC guidance model (41.5!31.5) and

(31_ The simplified TPS'model (Reference D) -

4.0 Results

The results of this preliminary trajectory development are pre-

sented in Table III and Figures 2-18. Table III itemizes the

pertinent maximum values of heating rate, heat load, temperatures

at critical locations, normal load factor and the TAEM intercept

conditions. Similar values for Baseline Mission 14414.1

(Reference E) are presented for comparison purposes and demonstrate

the benign nature of the developed trajectory for the 1st OFT.

As can be seen the temperatures on the body flap and elevon are

less than 2230 degrees.

Figure 2 presents the final ground path up to a point just past

TAEM intercept overlaid on a map of the California area includ-

ing Edwards Air Force Base. Figures 3,'4, and 5 present angle of

attack, bank angle, elevon deflection and body flap deflection

schedule as a function of velocity. The body flap schedule has not

been fine tuned but should be adequate for purposes of this

memorandum. Figures 5 thru 11 present pertinent trajectory para-

meters such as heating rate, velocity, altitude,_ dynamic pressure,

flight path angle, drag acceleration, and load factor. Figures

_	 12 thru 15 present time histories of the temperatures of the four

control points, nose, wing leading edge, elevon, and body flap.

Figures 16 thru 18 present hinge moment values for the body flap

and elevon and indicate that the maximum values are well within

the design limits.



5.0 Conclusions

The data presented provide the necessary information for prelimi-

nary analysis of OFT Mission #1. Results of preliminary trajec-

tories of Hissions 2 through 6, when merged with these data,

should adequately define the need for additional and/or -revised

requirements necessary for most systems and subsystems of ,'.e

vehicle. Undoubtedly, certain tra^-story changes will also

result and these will be included in the subsequent 6 DOF

simulations from entry interface through touchdown.

6.0 References
A) Master Flight Test Assignments Document

JSC-07700-10-P9VP-01 Vol. X

B) Shuttle Orbital Flight Test Requirements JSC-08576

January 15, 1975

C) A Compilation of Ground Tracks of Various Circular and

Elliptical Orbits NASA General Working Paper No. 10,009

August 16, 1963

D) TPS Simplified ModelRRockwell Internaltion Memorandum

#RI-SEH-ITA-74-197 Dated December 11, 1974

E) TPS Entry Design Trajectory Number 14414.1

Rockwell Internaltional Letter No. 393-150-174-113

Dated December 11, 1974



Inclination (Orbital) D

Altitude (Orbital)	 N

Duration (Orbital)	 0

Payload Weight	 P

Center of Gravity

Cross Range	 N

Heat Rate	 B

Heat Load	 B

Landing Site

TABLE I

BASIC REQUIREMENTS

MFTAD	 PRELIMINARY
•	 REQUIREMENT	 TRAJECTORY



TABLE II

INITIAL CONDITIONS

(Orbital Insertion)

Latitude Deg. .30.430825

Longitude Deg. -72.507631

Altitude N.M. 120

Velocity (Inertial) Ft/sec 25506

Azimuth (Inertial) Deg. 77.488646

(De-orbit-Hohmann).

-	 Time (from insertion) Sec. 1403.5 (in Rev. #3)

Latitude Deg. -27.88

Longitude Deg. 107.71

AV Ft/sec 250.00

(Entry Interface)

Latitude Deg. 10.051081

Longitude Deg. 172.43697

Altitude Ft. 400000

Velocity (Inertial) Ft/sec 25634.84

Azimuth (Inertial) Deg. 58.85309

Flight Path Angle (Inertial) Deg. -1.0947

Range to Target N.M. 4100

Latitude Target Deg. 34.905

Longitude Target Deg. -117.8827

Total Weight # 165000

C.G. Location % 66.25

Total Cross Range N.M. 138

Note:	 Geodetic Coordinates



' TABLE III

- MAJOR PARAMETER, SU"MARY TABLE

PARMiETER OFT #1 BASELINE 14414.1

MAX 4 BTU/FT2/SEC 69.8 79.5

_ Igdt BTU/FT2 50805 62547

Tmax (BODY FLAP)	 DEG. 2181 2725

_	 = Tmax (ELEVON)	 DEG. 2229 2530

TAFM INTERCEPT RANGE N.M. 30,8 NIA

TAFM INTERCEPT VELOCITY FT/SEC	 1505 1500

_ TAEM INTERCEPT ALTITUDE FT.	 70085 69000

TAEM TIME	 (SEC) 1606 1620

:.
Nax (V > 6000 FPS)Gm

1.33 1.49

ax (V < 6000 FPS) 1.32 1,56



4
1toc
n

I
O

O

m
u
f
f
-

-

1
6
	

1,

-rf krr ,-
- -
-
7

	

I,	
u
l
,

11

4
J

k
,
—
J
,
	

F
 
E

.
 
"
.
	

L
 
-
r
 
-

E
ll

It

r
r
u

r

N
,

'
A
 
A

i
t
	

1
2
	

4
 
1
^

v
 

I

A
i

lit

11'
/1'L	
y
`
	

ia
:^

?
f
 
V
	

6

it 	
F F

 
v

 
I
k

Ll

i
r

	

-	
-4,	

r
k
 
	

.
 
.
	

.
:
 
7
	

z
'

.
I
v

j
	

/
-

w-
1

LL.

LA
V
	

It

j/

c
k
:

to

C
C

	

I t	
L	

0 	
s 	

6	
It

u
(
A
B
I
L
I
T
Y

-
:
A
L
 
P
A
G
E
 
I
S

F
 
T
H
E

P
O
O
R



i1

^I

37' f

PRELIMINARY TRAJECTORY FOR FIRST OFT

.I

1

I

I ]TRY PATH

TAEM

;Bakersfield.

35

v	 3.01	 • Edkac!s .1r

-:'van	 beer- AFR	 FLIGHT LEVEL
_	

MACH NUNUER	 .LanscasLer •'

	

Santa Barbara	
?almdalc, •

.Ventura	 Los Angeles Area

San 6ernadino
•	 .Santa Cruz Is.	 I

4t

	

	 ^` Fodlands

Riverside
Rosa Is.	

Anahc-im/ nuena Park area

anta Barbara Is.

ORB ITAL PATH

33
L	 .srul-rnd Tr act, for Ortit

_ irnat.or. L lunch of

1 0°	 11 °

.	 ,

Santa Catalitra Is.

Srn CI Pr-ri p Is.
j7^..:: 1)i^ nc^

	

_s liest Longi tudc o— r'.cg	
;IBILITY OF THE

	

Fig. 2 Final Flight Patti 	 •	 A! PAGE IS POOR



PRELIMINARY TRAJECTORY FOR FIRST OFT

• I1 .S

A

c

•
_	 N

A

D

Actual

. 

/^ r
1 Commanded

I

•	 ^	 1 5
• 1	 N.:O	 5!01	 /;:b	 .....	 1:::1	 11115	 It!11	 1!:7!	 11:.	 114.:

.r

Fig. 3 Angle of Attack Versus Relative Velocity

11.5

11.5



t'.'+	 5::9	 1. ::	 1.::=	 It+:i	 11:.:	 I^S'o	 ): :':	 !i".	 .!i

^Il^ll y [ r[lr:liv	 ► ^ t :-

Fig. 4 Bank Angle Versus Relative Velocity

r. .

t
I9

C
I

S:

S `

to

C

M

0

C

G

-to

^. `w

PRELIMINARY TRAJCCTOR'r FOR FIRST OFT



PREL114111ARY TRAJECTORY FOR FIRST OFT

4

-s

^	 -14

•	 -1s
r

t
t	 -?4

t

1

•

•
t	 -14
•

.K

-rf 
•	 n46	 $46V	 1$00	 106415	 12SO	 1'A090	 I1t150	 10040	 ^t1c0	 2S.a

t4

t

t

t

t

1
^ s.s
N

i
[

r.s
....	 ..+.	 awr	 MJJr	 1[%-1a	 l5 ^''r 'J	 {1)^7	 •arJ ♦ 	 d)'^,	 . ...

A[LAiIY[ w[1iL11V

Fig. 5 Elevon and Body Flap Deflection Versus Relative Velocity



Z' oso

2n SI

I	 So
C)
—i
Ui 15 1 15C

LQ

LLJ

V)
I ?S 0 i

tests
U-

Ui
C4

.4	 1

- M

AIA

A -

i1ii

	

MEL 11-11 NARY TRAJECTORY FOR FIRST OFT

10

LAJ

< LAJ

C)^ V)

C%J

U-

2 C,

LL.j F-

	

0	 200	 -000	 600	 goo

SE I INDS

	

4100000 K	 I

1--
LU

Uj
LA-

LLJ

S	 G

Moll

51.oss ..I.,	
1-	 1-1

I IME

too	 g '^ n	 I '- - '	 I e L ,	 i

7 1 ME E C.11J.",
	 FAA 1,.

Fig. 6 Heating Rate, Altitude and Relative Velocity Versus Time



III 

• 
L , 
I , 
• • I 

• , 
I 
I 

'H'" 

... 00 

3011100 

, 'Ott ~ : 

, 

PRELIMINARY TRAJECTORY FOR FIRST OFT 

" 

I r 

r"t 

I--

, 

-
~ 

V 
('j ..,;-

/ 
~ 

/ 
/ 

L 
V 

f 

0 lS !l ~ SG~O 'H." IOt: ~ II! O ~ I ~ ~ :; ) 

'[U'IY( 'Ill": If., . Ffg. 7 Altftude Versus Relatfve Velocity 

, 

,"", 

~ ..... 

) 

./ 
V 

~ 
i-"'" 

./ 

,-

I ~ , -;; , . ,. .. 1 J ~ ; ~ 
~ , ,. ,. , 



PRELIHINARY TRAJECTORY FOR FIRST OFT

'
'

'

CM

cc
	~^	 1

	

Lu	
-

^
n.	 (

Ln
Ln '

.	 Uj

^

m
,o

	

^	
|

.o	 ---f

,o
—

^^o	 o,,

Fig. 8 Dynamic Pressure Versus Time

^

w

^

~



PRFI T •1THAPY TRll.1FPTnRY FnR FTRU OFT

-1

0wa

W
r

t.7
Z
Q

r- Z
H
Q

F-
2
t7

r
LL-

-q

-11

0	 200	 ticc	 !00	 B^..	 l4:•.	 1150	 I'•SG	 l^C4

11GF._FLCOCS	 11.

Fig. 9 Flight Path Angle Versus Time



p

PRELIMINAPY TRAJECTORY FOR FIRST OFT

0

-r.•,

N
U

N	 -1^

H
ti

7
O

Q
tY
W
WUU
Q	 - 1

D

.j

111M

200	 ...	 ....

71 ME _111VICS

Figure	 F'19. 10 Drag Acceleration Versus Time



Y

1.r

I .7

l
e

°	 o.e

r

c

0

c.l
c

s

PRELIMINARY TRAJECTORY FOR FIRST OFT

4	 tcc	 roc too	 .::	 T•,v;	 119'1	 . ..

TWE,`iZZ4C;	 pK,t 11.

Fig. 11 Load Factor Versus Time

W e t



i I

Fig. 12 Nose Temperature Versus Time

•

r

1.100

low
ALI'

PkELIMINARY TRAJECTORY FOR FIRST OFT



PREL11,1111ARY TRAJECTORY FOR FIRST OFT

?f 00

2200

1800

1<

Fig. 13 Wing Leading Edge Temperature Versus Time

)DUCEBILITY OF THE
—AL PAGE IS POOR



PRELIMINARY TRAJECTORY FOR FIRST OFT

2201,

Toa,

leoc

f	 It.oc

c
Y
e
N

ItiL^
1

M

0
f	 1T^^

Ci

1:..

a::

T0:	 ALL	 eL1	 1: .	 11:.	 1•..

Fig. 14 Elevon Temperature Versus Time



NINON"—

PRELU-11.i'ARY TRAJECTORY FOR FIRST OFT

Wo

lis,

JA-s

I	 lest

is!

f s

21
f110	 1 11 . '.	 I , *. 1.	 1^.;

I c Mr. I

Fig. 15 Body Flap Temperature Versus Time



t^l	 PULIMMIARY TRAJECTORY FOR FIRST OFT

0

Woo

-+0000:

E

f	 r

-MT0 o

0

H
R

-200000

0l

I

B

S

-2$0040

IL

-!00000
i

—	 -lS0000

-40:000
0 200	 too	 boo	 100	 10 0	 1.100	 1400	 1 :0

TIP[ WOOS	 PALE 11.

Fig. 16 Body Flap Hinge Moment Versus Time



.^ . ^.iiss=	 . -: . _aa^^i^ -. --^.-	 ., ..... r.. r.. ..r	 ... r..W^- •a.	 - -	 ^a•.•^^-- 1ar^^:••ir -	 +w•+- .-^- r.. ^ ► s	 '^
M1011 IN

I	 PRELIMINARY TRAJECTORY FOR FIRST OFT.e

•ts000

1

•sooco

-75000

1

r

E
t	 -+000eo
N
h

1

r

^	 •+r^ooc

r

s

-uocoi

•+?soc

•t000a

Z. $000 —	 ---
0	 100	 400	 630	 so*	 1000	 1100	 +tt^	 +1t0

T1Ff.S000%0S	 gaff +z.

Fig. 17 Inboard Elevon Hinge "orient Versus Time

Trim



t..

•Acf 1 1.

IRM̂=- w^. 

it
•o.00s

10000
•

W -	 •400oo

0
u
r

c

M
^	 •0000

PRELIMINARY TRAJLCTORY FOR FIRST OFT

i

Tri!r,

Trim 42'

1




